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(57) Spreading factor determining section 104 in- 
creases spreading factor IVI of a spreading code to be 
generated in first spreading code generating section 
102, as the 101 level increases. In other words, as dete- 
rioration increases in orthogonality among subcarriers 
in the frequency domain, the section 102 Increases 



spreading factor M in the frequency domain. Further, as 
the ISI level increases, the section 102 increases 
spreading factor L of a spreading code to be generated 
in second spreading code generating section 103. In 
other words, as deterioration increases in orthogonality 
among subcarriers in the time domain, the section 102 
increases spreading factor L in the time domain. 



101-1^ 



< 

N 
00 

o 

« 

Q. 

UJ 



SYMBOL 1 



SYMBOL 2 



SYMBOL N 




SPREAONQ FACTOR BtFORMAHON 
HG.3 



PitnM by Joim, 75001 PARIS (FR) 



EP 1 317 087 A1 



Description 

Technical Field 

[0001] The present invention relates to a radio com- 5 
municatlon apparatus and radio communication method 
used in a digital communication system, and more par- 
ticularly, to a radio communication apparatus and radio 
communication method for perfomning radio communi- 
cations based on the combination of a multlcan-ier mod- io 
ulatlon system such as an OFDM (Orthogonal Frequen- 
cy Division Multiplexing] modulation system and a CD- 
MA (Code Division Multiple Access) system. 

Bacl<g round Art ^5 

[0002] In radio communications, particularly, in mo- 
bile communications, a variety of infonmatlon has be- 
come subjects to transmit such as images and data be- 
sides speeches, which increases demands for faster 20 
and more reliable transmission. However, in the case of 
performing high-rate transmission in mobile communi- 
cations, effects caused by delayed version in multipath 
are not ignore, and transmission perfomriance deterio- 
rates due to frequency selective fading. 25 
[0003] One of measures against the frequency selec- 
tive fading is a multicarrier modulation system such as 
an OFDM modulation system. In particular, the OFDM 
modulation system uses a plurality of subcan^iers or- 
thogonal with one another, and therefore, has the high- so 
est spectral efficiency among multicarrier modulation 
systems. Meanwhile, in mobile communications, the 
CDMA system has been put to practical use as a multi- 
ple access system. Recently, in the mobile communica- 
tions field, attraction has been drawn to an OFDM-CD- 35 
MA system obtained by combining the OFDM modula- 
tion system and CDMA system. 
[0004] The OFDM-CDMA system includes a scheme 
of spreading symbols on the frequency axis (spreading 
in the frequency domain) and a scheme for spreading 
symbols on the time axis (spreading In the time domain). 
The frequency domain spreading scheme and time do- 
main spreading scheme will be described below. 
[0005] In spreading in the frequency domain, each of 
N symbols in series is spread with a spreading code with 
a spreading factor of M. M items of spread data on a 
chip basis undergo IFFT (Inverse Fast Fourier Trans- 
form) processing in parallel per symbol. As a result, 
there are generated N multicarrier signals of M subcar- 
riers. 

[0006] Thus, in spreading in the frequency domain, 
items of data on a chip basis generated from a symbol 
are configured at different subcarriers at the same time; 
in other words, the Items of data are spread and config- 
ured on the frequency axis, and therefore, the frequency 
diversity effect is obtained, but the time diversity effect 
Is not obtained. 

[0007] Meanwhile, in spreading in the time domain, N 
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symbols are converted from serial to parallel data, and 
each symbol is spread with a spreading code with a 
spreading factor of M. N items of spread data on a chip 

basis undergo IFFT processing for each chip sequen- 
tially. As a result, there are generated M multican-ier sig- 
nals of N subcarriers. 

[0008] Thus, in spreading in the time domain, items 
of data on a chip basis generated from a symbol are 
configured in time series at the same frequency; in other 
words, the Items of data are spread and configured on 
the time axis, and therefore, the time diversity effect is 
obtained, but the frequency diversity effect is not ob- 
tained. 

[0009] In mobile communications, propagation path 
conditions between a base station and mobile station 
vary with each moment, and sometimes deteriorate. De- 
terioration in propagation path conditions results In de- 
terioration in orthogonality among subcarriers and in or- 
thogonality among spreading codes in the OFDM/CD- 
MA system, and leads to deterioration in transmission 
performance and decreases In system capacity. 

Disclosure of invention 

[0010] It is an object of the present invention to pro- 
vide a radio communication apparatus and radio com- 
munication method capable of suppressing deteriora- 
tion in transmission perfonnance and decreases in sys- 
tem capacity caused by deterioration In propagation 
path conditions, in radio communications based on the 
combination of a multicarrier modulation system and 
CDMA system. 

[0011] In order to achieve the above object, in the 
present Invention, symbols are spread in both the fre- 
quency domain and time domain, and when Items of da- 
ta on a chip basis generated from a symbol are two-dl- 
mensionally spread and configured on both the frequen- 
cy axis and time axis, either or both of spreading factors 
in the frequency domain and time domain are varied 
adaptably conresponding to propagation path condi- 
tions. 

Brief Description of Drawings 
[0012] 

FIG.1 is a graph showing calculation values of ICI 
and ISI when delay Is varied on static two-wave 
propagation path (DU rate: 5 [dB]); 
FIG.2 is agraph showing a calculation result (trans- 
fer function) of frequency selective fading observed 
on each subcarrier in Vehicular B that is a repre- 
sentative model of mobile communications; 
FIG.3 is a block diagram illustrating a configuration 
of a radio communication apparatus on transmitting 
side according to a first embodiment of the present 
invention; 

FIG.4 is a block diagram Illustrating a configuration 
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of a radio communication apparatus on receiving 
side according to the first embodiment of the 
present invention; 

FIG. 5 is a view showing an example of spectra of a 
multicarrier signal; s 
FIG.6 is a blocl< diagram Illustrating a configuration 
of a propagation path conditions measuring section 
provided In the radio communication apparatus on 
receiving side according to the first embodiment of 
the present invention; io 
FIG.7 is a blocl< diagram illustrating a configuration 
of a propagation path conditions measuring section 
provided in a radio communication apparatus on re- 
ceiving side according to a second embodiment of 
the present invention; is 
FIG.8 Is a block diagram illustrating a fading distor- 
tion canceling section provided in the radio commu- 
nication apparatus on receiving side according to 
the second embodiment of the present invention; 
FIG. 9 is a block diagram illustrating a configuration 20 
of a propagation path conditions measuring section 
provided in a radio communication apparatus on re- 
ceiving side according to a third embodiment of the 
present invention; 

FIG. 10 is a block diagram illustrating a configuration 25 
of a propagation path conditions measuring section 
provided in a radio communication apparatus on re- 
ceiving side according to a fourth embodiment of 
the present Invention; 

FIG. 11 is a block diagram Illustrating a configuration 30 
of a propagation path conditions measuring section 
provided in a radio communication apparatus on re- 
ceiving side according to a fifth embodiment of the 
present invention; 

FIG.1 2 is a block diagram illustrating a configuration 35 
of a propagation path conditions measuring section 
provided in a radio communication apparatus on re- 
ceiving side according to a sixth embodiment of the 
present invention; 

FIG.1 3 is a block diagram illustrating a configuration 
of a propagation path conditions measuring section 
provided in a radio communication apparatus on re- 
ceiving side according to a seventh embodiment of 
the present invention; 

FIG.1 4 is a graph showing impulse response of ^ 
propagation paths; 

FIG.1 5 is a block diagram illustrating a configuration 
of a propagation path conditions measuring section 
provided in a radio communication apparatus on re- 
ceiving side according to an eighth embodiment of so 
the present Invention; and 
FIG.1 6 Is a block diagram Illustrating a configuration 
of a propagation path conditions measuring section 
provided in a radio communication apparatus on re- 
ceiving side according to a ninth embodiment of the ss 
present invention. 



Best Mode for Carrying Out the Invention 

[001 3] For the purpose of obtaining both effects of fre- 
quency diversity and time diversity In radio communica- 
tions based on the combination of a multicarrier modu- 
lation system and CDMA system, the inventor of the 
present invention filed applications of the invention 
where symbols are spread in both the frequency domain 
and time domain, and thereby items of data on a chip 
basis generated from a symbol are two-dimenslonally 
spread and configured on both the frequency axis and 
time axis. The invention Is disclosed In Japanese Patent 
Applications 2000-076904, 2000-308884 and 
2001 -076828, entire contents of which are expressly in- 
corporated by reference herein. 
[001 4] In radio communications based on the combi- 
nation of a multicarrier modulation system and CDMA 
system, deterioration in transmission performance re- 
sults from deterioration in orthogonality among subcar- 
riers and deterioration in orthogonality among spreading 
codes, 

[001 5] The deterioration in orthogonality among sub- 
can^iers is such a phenomenon that, for example, when 
a path with a great delay exceeding in length a guard 
interval Is present on propagation paths, subcarriers de- 
forni in their wavefomi greatly being affected by chang- 
es in adjacent symbols, and thereby interfere with each 
other, which reduces the capability of identifying subcar- 
riers. The deterioration In orthogonality among subcar- 
riers remarkably degrades the transmission perfomi- 
ance. 

[0016] The deterioration in orthogonality among sub- 
can'iers includes deterioration in the frequency domain 
and deterioration in the time domain, which are respec- 
tively caused by interference between subcarriers with 
different frequencies on the frequency axis and by inter- 
ference between subcarriers with the same frequency 
on the time axis. In this specification, the fonner is called 
Inter Carrier Interference (ICI) and the latter is called In- 
ter Symbol Interference (ISt). 
[00171 F'GI shows calculation values of ICI and ISI 
when delay is varied in static two-wave propagation path 
(DU rate: 5 [dB]). As show in FIG.1 , when a delay dif- 
ference between two signals Is the duration of a symbol, 
symbols with different infomnation are completely multi- 
plexed, and therefore, ISI has a maximum value. Mean- 
while, in subcamers with different frequencies which are 
never multiplexed, such a condition is equivalent to de- 
lay difference of 0 where times of changes in symbols 
overiap one another, and ICI has a minimum value. The 
sum of ICI and ISI Is constant, and Is coincident with an 
InteHering level indicated in DU ratio (in BPSK modula- 
tion, when the DU ratio is 5 [dB], the sum of ICI and ISI 
is -5 [dB]. In QPSK where a signal distance is I/V2 times 
that in BPSK modulation, when the DU ratio is 5 [dB], 
the sum of ICI and ISI is -2 [dB]). 
[0018] The deterioration In orthogonality among 
spreading codes is such a phenomenon that when an 
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amplitude distortion and phase distortion are present in 
a symbol in a spreading code length, spreading codes 
Interfere with each other and thereby the capability of 
identifying spreading codes deteriorates. The deteriora- 
tion in orthogonality among spreading codes remarka- 5 
biy degrades the transmission perfonnance. When sym- 
bols are spread both In the frequency domain and time 
domain as described in the invention previously applied 
by the inventor, it is necessary to consider the deterio- 
ration in orthogonality among spreading codes In the fre- io 
quency domain and the deterioration in orthogonality 
among spreading codes In the time domain. 
[001 9] FIG.2 shows a calculation result (transfer func- 
tion) of frequency selective fading observed on each 
subcarrier in Vehicular B that is a representative model '5 
ofmobllecommunications. As shown inthe figure,.since 
very large amplitude distortion is obsen/ed on each sub- 
carrier, it is understood that despreading in the frequen- 
cy domain without any processing does not maintain or- 
thogonality among spreading codes in the frequency do- 20 
main. Therefore, a pilot symbol Is inserted into a multi- 
carrier signal in both frequency and time domains, and 
a receiving side obtains a channel estimation value us- 
ing the pilot symbol, and using the channel estimation 
value, compensates each subcarrier for amplitude dis- 
tortion and phase distortion. However, there remain var- 
iation components that cannot be compensated, and the 
remaining variation components degrade the orthogo- 
nality among spreading codes. The deterioration In or- 
thogonality among spreading codes in the time domain 
similarly occurs. 

[0020] Embodiments of the present invention will be 
described below with reference to accompanying draw- 
ings. 

(First embodiment) 

[0021] FIG.3 is a block diagram Illustrating a configu- 
ration of a radio communication apparatus on transmit- 
ting side according to the first embodiment of the 
present invention. The radio communication apparatus 
on receiving side illustrated in FIG.3 is comprised of two- 
dimensional spreading sections 101-1 to 101 -N, first 
spreading code generating section 1 02, second spread- 
ing code generating section 103, spreading factor de- 
termining section 104, multiplexing sections 105-1 to 
105-M, IFFT (Inverse Fast Fourier Transform) section 
106, transmission RF section 107,duplexer 108, anten- 
na 109 and reception RF section 110. Two-dimensional 
spreading sections 101-1 to 101-N have the same con- 
figuration, and are each comprised of frequency-domain 
spreader 201, S/P (Serial/Parallel conversion) section 
202, and time-domain spreaders 203-1 to 203-M. 
[0022] FIG.4 is a block diagram illustrating a configu- 
ration of a radio communication apparatus on receiving 
side according to the first embodiment of the present 
Invention. The radio communication apparatus on re- 
ceiving side Illustrated in FIG.4 Is comprised of antenna 



301 , duplexer 302, reception RF section 303, FFT (Fast 
. Fourier Transform) section 304, two-dimensional de- 
spreading sections 305-1 to 305-N, second spreading 
code generating section 306, first spreading code gen- 
erating section 307, propagation path conditions meas- 
uring section 308 and transmission RF section 309. 
Two-dimensional despreading sections 305-1 to 305-N 
have the same configuration, and each have time-do- 
main despreaders 401-1 to 401-l\^, P/S (Parallel/Serial 
conversion) section 402, and frequency-domain de- 
spreader 403. 

[0023] In the radio communication apparatus illustrat- 
ed in FIG.3, each of symbols 1 to N Is spread with a 
spreading code with a spreading factor of IVl in frequen- 
cy-domain spreader 201 . The spreading code is gener- 
ated in first spreading code generating section 1 02, and 
spreading factor M is detennined in spreading factor de- 
tenninlng section 104 con'esponding to propagation 
path conditions measured in the radio communication 
apparatus on receiving side. In other words, the spread- 
ing factor of M of the spreading code generated in first 
spreading code generating section 1 02 is variable cor- 
responding to propagation path conditions. 
[0024] Spreading codes that first spreading code gen- 
erating section 102 generates respectively for two-di- 
mensional spreading sections 101-1 to 101-N have the 
same spreading factor of IVI and are orthogonal to one 
another. M chips of spread data on a chip basis are input 
to S/P section 202. S/P section 202 converts M chips of 
data input in series on a chip basis into parallel data. By 
processing the data in frequency-domain spreader 201 
and S/P section 202, symbols 1 to N each are spread 
in the frequency domain (on the frequency axis) to M 
chips, and as a result, data of M chips on a chip basis 
is assigned to subcan-iers with different frequencies. 
[0025] Data of M chips on a chip basis converted into 
parallel data in S/P section 202 are spread with a 
spreading code with a spreading factor of L in time-do- 
main spreaders 203-1 to 203-M, respectively. In other 
words, the symbol spread into M chips In the frequency 
domain (on the frequency axis) is further spread into L 
chips in the time domain (on the time axis). The spread- 
ing code is generated in second spreading code gener- 
ating section 103, and the spreading factor of L is de- 
tennined in spreading factor detemnlning section 104 
con-esponding to propagation path conditions meas- 
ured in the radio communication apparatus on receiving 
side. In other words, the spreading factor of L of the 
spreading code generated in second spreading code 
generating section 103 is variable corresponding to 
propagation path conditions. Spreading codes that sec- 
ond spreading code generating section 103 generates 
respectively for two-dimensional spreading sections 
1 01 -1 to 1 01 -N have the same spreading factor of L and 
are orthogonal to one another. 
[0026] M items of data on a chip basis spread in time- 
domaln spreaders 203-1 to 203-M are input to respec- 
tive multiplexing sections 105-1 to 105-M. Multiplexing 
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sections 105-1 to 105-M perform code-division-multi- 
plexing on data on a chip basis of synnbols 1 to N spread 
in two-dimensional spreading sections 101-1 to 101-N 
to input to IFFT section 106, respectively. IFFT section 
1 06 assigns data on a chip basis subjected to code-dl- s 
vision-multiplexing to respective subcarrlers to perfomn 
IFFT processing, and thus generates multlcarrier sig- 
nals (OFDM symbols). In this way, L multicamer signals 
in the time domain are generated. In addition, a plurality 
of subcarriers of the multicarrier signal (OFDM symbol) 
is mutually orthogonal. The multicarrier signals gener- 
ated in IFFT section 106 undergo predetemiined radio 
processing (such as D/A conversion and upconverting) 
in transmission RF section 107, and then transmitted to 
a radio communication apparatus on receiving side 
through duplexer 108 and antenna 109. In addition, du- 
plexer 109 switches between transmission and recep- 
tion. 

[0027] The multican'ier signal will be described below 
which is transmitted from the radio communication ap- 
paratus on transmitting side illustrated in FIG.3. FIG.5 
shows an example of spectra of the multicarrier signal. 
As shown in the figure, the multicarrier signal in this em- 
bodiment includes a subcarrier that does not transmit 
data (hereinafter, referred to as a "non-transmission 
subcarrier") and a pilot carrier. As the non-transmission 
subcarrier, there are a subcarrier (hereinafter referred 
to as "transmission off subcarrier") of specific frequency 
to which data on a chip basis Is never assigned in the 
time domain, and a subcarrier (hereinafter, referred to 
as a "transmission off subcarrier") to which data on a 
chip basis is not assigned at certain time. A subcarrier 
(hereinafter, refen-ed to as an "adjacent subcarrier"; 
subcarrier f15 in FIG.5) adjacent to the pilot carrier Is 
assigned a pilot symbol. The spectra of the multicarrier 
signal are the same as in subsequent embodiments. 
[0028] The multicarrier signal transmitted from the ra- 
dio communication apparatus on transmitting side is re- 
ceived in the radio communication apparatus on receiv- 
ing side Illustrated in FIG. 4 through antenna 301 and 
duplexer 302, undergoes predetermined radio process- 
ing (such as downconverting and A/D conversion) in re- 
ception RF section 303, and input to FFT section 304. 
FFT section 304 perfomis FFT processing on the mul- 
ticarrier signal, and thereby fetches data transmitted In 
each subcarrier. The same processing is performed on 
L multicarrier signals sequentially received, and the 
fetched data is input to time-domain despreaders 401 -1 
to 401 -M. Further, the fetched data is input to propaga- 
tion path conditions measuring section 308. 
[0029] Time-domain despreaders 401-1 to 401 -M 
perfonn despreading on input data with the same 
spreading codes (with a spreading code of L) as used 
in time-domain spreaders 203-1 to 203-M in the radio 
communication apparatus on transmitting side, respec- 
tively. In other words, the despreading in the time do- 
main is perfonned. The spreading codes are generated 
in second spreading code generating section 306, and 



the spreading factor of L is detemilned in spreading fac- 
tor detennining section 1 04 in the radio communication 
apparatus on transmitting side, and is notified to the ra- 
dio communication apparatus on receiving side as 
spreading factor Infonmation. 
[0030] In addition, the spreading factor infomiation 
may be notified using a predetennlned channel, or may 
be included in a multicarrier signal to notify, and is not 
limited particularly in notification method. M chips of de- 
spread data on a chip basis are converted into serial 
data in P/S section 402 and input to frequency-domain 
despreader 403. 

[0031] Frequency-domain despreader 403 perfonns 
despreading on input data with the same spreading 
codes (with a spreading factor of M) as used in frequen- 
cy-domain spreaders 201 in the radio communication 
apparatus on transmitting side. In other words, the de- 
spreading in the frequency domain is perfomried. The 
spreading codes are generated in first spreading code 
generating section 307, and the spreading factor of M 
is determined in spreading factor determining section 
104 in the radio communication apparatus on transmit- 
ting side, and Is notified to the radio communication ap- 
paratus on receiving side as spreading factor informa- 
tion, in the same way as in the spreading factor of L. 
[0032] Two-dimensional dispreading sections 305-1 
to 305-N thus perform -dispreading in the time domain 
and In the frequency domain to obtain symbols 1 to N. 
[0033] Propagation path conditions measuring sec- 
tion 308 measures propagation path conditions of mul- 
ticarrier signals transmitted from the radio communica- 
tion apparatus on transmitting side as described below. 
FIG.6 is a block diagram illustrating a configuration of 
propagation path conditions measuring section 308 ac- 
cording to this embodiment. In this embodiment ICI lev- 
els are measured as propagation path conditions as de- 
scribed below. 

[0034] The transmission off subcarrier is always as- 
signed no data on a chip basis in the time domain, thus 
has a received level of 0 originally, and does not have 
ISI. Accordingly, the received level of the transmission 
off subcarrier is only due to ICI that is interference with 
another subcarrier. Therefore, in propagation path con- 
ditions measuring section 308 illustrated in F1G.6, trans- 
mission off subcamer selecting section 501 selects a 
transmission off subcarrier, and level measuring section 
502 measures a received level of the transmission off 
subcarrier, and thereby measures the ICI level. The 
riieasured ICI level is subjected to the predetermine ra- 
dio processing (such as D/A conversion and upconvert- 
ing) In transmission RF section 309 illustrated in FIG.4, 
and notified to the radio communication apparatus on 
transmitting side through duplexer 302 and antenna 
301. 

[0035] In the radio communication apparatus on 
transmitting side illustrated in FIG.3, the ICI level re- 
ceived through antenna 109 and duplexer 108 is sub- 
jected to the predetennlned radio processing (such as 
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downconverting and A/D conversion) in reception RF 
section 110, and is input to spreading factor determining 
section 1 04. 

[0036] As the deterioration increases in ortfiogonality 
among subcarriers in tlie frequency domain, the ICI lev- 5 
el increases and the transmission perfomiance deterio- 
rates. It is known that doubling the spreading factor in 
the frequency domain improves SIR (Signal to Interfer- 
ence Ratio) by about 3 [dB]. Therefore, as the ICI level 
increases, spreading factor detemnining section 104 io 
sets spreading factor M of a spreading code to be gen- 
erated in first spreading code generating section 1 02 to 
higher. In other words, spreading factor detemnining 
section 1 04 sets spreading factor M in the frequency do- 
main to higher, as the deterioration increases in orthog- 15 
onality among subcarriers in the frequency domain, and 
thus suppresses the deterioration In orthogonality 
among subcarriers In the frequency domain. By thus In- 
creasing the spreading factor in the frequency domain, 
it is possible to suppress the deterioration in the trans- 20 
mission performance caused by ICI. Spreading factor M 
in the frequency domain determined in spreading factor 
detemiining section 1 04 is output to first spreading code 
generating section 1 02, while being notified to the radio 
communication apparatus on receiving side as the 25 
spreading factor infomriation. 
[0037] In addition, since the upper limit of spreading 
factor M in the frequency domain is the number of sub- 
carriers used in transmission, a case is considered 
where the spreading factor in the frequency domain Is 30 
not Increased to a desired value. However, In this case, 
by decreasing a transmission rate and increasing the 
spreading factor in the time domain by an amount cor- 
responding to a shortage of the spreading factor In the 
frequency domain, it is possible to suppress the deteri- 35 
oration in the transmission perfonnance. 
[0038] Thus, according to the radio communication 
apparatus according to this embodiment, since spread- 
ing In the frequency domain is perfomied using spread- 
ing factor M variable corresponding to propagation path 40 
conditions varying with each moment, it Is possible to 
perfomn spreading in the frequency domain using an ap- 
propriate spreading factor corresponding to propagation 
path conditions. Further, since the spreading factor is 
detennined on multicarrier-slgnal transmitting side, the ^ 
receiving side does not need to detennine the spreading 
factor, thereby simplifying a configuration of an appara- 
tus on receiving side. Furthermore, when propagation 
path conditions deteriorate and the ICI level increases, 
the spreading factor is increased In the frequency do- so 
main and it Is thus possible to suppress deterioration In 
orthogonality among subcamers In the frequency do- 
main. Moreover, according to this embodiment, it is pos- 
sible to measure the ICI level used in setting a spreading 
factor in the frequency domain, with accuracy and with 55 
a relatively simplified method. 



(Second embodiment) 

[0039] A radio communication apparatus according to 
this embodiment differs from that in the first embodiment 
in setting a spreading factor in the time domain to higher 
as the ISl level increases. 

[0040] As illustrated In FIG.5, the multlcarrier signal 
transmitted from a radio communication apparatus on 
transmitting side contains a pilot carrier with amplitude 
of constant envelop. Since the pilot carrier indicates the 
constant envelop even when an arbitrary delay path 
component Is present, the variation In amplitude of con- 
stant envelop of the pilot carrier received In the radio 
communication apparatus on receiving side represents 
the time variation due to fading. Meanwhile, adjacent 
subcarriers also receive fading variation almost the 
same as that on the pilot carrier. Therefore, in this em- 
bodiment the ISI level Is measured as propagation path 
conditions as described below. 
[0041 ] FIG. 7 is a block diagram illustrating a configu- 
ration of propagation path conditions measuring section 
308 provide in the radio communication apparatus on 
receiving side according to the second embodiment of 
the present invention. In addition, in FIG. 7 the same 
structural components as illustrated in FIG. 6 are as- 
signed the same reference numerals to omit specific de- 
scriptions. 

[0042] In propagation path conditions measuring sec- 
tion 308 Illustrated In FIG.7, pilot carrier selecting sec- 
tion 503 selects a pilot can-lerto Input to fading distortion 
canceling section 505. Adjacent subcarrier selecting 
section 504 selects an adjacent subcarrier to input to 
fading distortion canceling section 505. 
[0043] FIG. 8 illustrates a configuration of fading dis- 
tortion canceling section 505. In FIG. 8, envelop-ampll- 
tude calculating section 508 calculates an amplitude 
distortion, due to fading, of amplitude of constant envel- 
op of the pilot carrier to input to complex dividers 509 
and 510. Complex divider 509 complex-divides the am- 
plitude of the pilot earner by the amplitude distortion cal- 
culated In envelop-amplitude calculating section 508, 
and thus, the pilot carrier is compensated for the ampli- 
tude distortion to be a constant envelop signal. Complex 
divider 51 0 complex-divides the amplitude of the adja- 
cent subcanrier by the amplitude distortion calculated In 
envelop-amplitude calculating section 508, and thus, 
the adjacent subcarrier is compensated for amplitude 
distortion to be a constant envelop signal. 
[0044] Next, delayer 511 (delay time T) and complex 
multiplier 512 perfomn differentially coherent detection 
on the pilot carrier of constant envelop, thereby detects 
a phase variation within delay time T used in the detec- 
tion, and inputs the phase variation to complex divider 
51 3 as a phase distortion due to fading. Complex divider 
513 complex-divides a phase of the adjacent su bcanrier 
by a phase distortion Input from complex multiplier 512, 
and thus the phase distortion of the adjacent subcanrier 
is compensated. In this way, the adjacent subcanrier is 
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compensated for amplitude distortion and phase distor- 
tion (both are called collectively fading distortion) due to 
fading, and then input to level measuring section 506. 
[0045] In addition, as delay time T is made longer, a 
range of detectable phase distortion is made narrower, 
while as delay time T is made shorter, power consump- 
tion, for example, in complex multiplication increases, 
whereby it is necessary to determine an appropriate val- 
ue in consideration of the foregoing. 
[0046] As described above, a pilot symbol is inserted 
into the adjacent subcarrier. Level measuring section 
506 illustrated in FIG.7 measures a level variation in the 
pilot symbol to input to subtracter 507. The level varia- 
tion In the pilot symbol is a sum of ICI and ISI caused 
by deterioration In orthogonality among subcarriers. 
Then, subtracter 507 subtracts the ICI level measured 
in level measuring section 502 from the level variation 
measured in level measuring section 506, and thus 
measures the ISI level. The measured ISI level is sub- 
jected to the predetemrilned radio processing In trans- 
mission RF section 309 illustrated FIG.4, and is notified 
to the radio communication apparatus on transmitting 
side through duplexer 302 and antenna 301 . 
[0047] In the radio communication apparatus on 
transmitting side illustrated In FIG. 3, the ISI level re- 
ceived through antenna 109 and duplexer 108 is sub- 
jected to the predetermined radio processing in recep- 
tion RF section 1 1 0, and input to spreading factor deter- 
mining section 104. 

[0048] As the deterioration increases in orthogonality 
among subcarriers in the time domain, the ISI level In- 
creases and the transmission perfomnance deterio- 
rates. Therefore, as the ISI level increases, spreading 
factor detennining section 104 sets spreading factor L 
of a spreading code to be generated in second spread- 
ing code generating section 103 to higher. In other 
words, spreading factor determining section 104 sets 
spreading factor L In the time domain to higher, as the 
deterioration increases in orthogonality among subcar- 
riers in the time domain, and thus suppresses the dete- 
rioration in orthogonality among subcarriers In the time 
domain. By thus increasing the spreading factor in the 
time domain, It Is possible to suppress deterioration in 
the transmission perfomnance caused by ISI. Spreading 
factor L in the time domain detemriined in spreading f ac- 
tor detemnining section 104 is output to second spread- 
ing code generating section 1 03, while being notified to 
the radio communication apparatus on receiving side as 
the spreading factor infomiation. 
[0049] In addition, when a multicarrier signal includes 
a plurality of pilot carriers, ISI levels are measured on 
pilot symbols inserted Into respective adjacent subcar- 
riers to average, and thus the accuracy in ISI level meas- 
urement Is further improved. 

[0050] Further, while in the above-mentioned expla- 
nation a pilot symbol is used to measure an ISI level. It 
may be possible to measure the ISI level using an ari^i- 
trary symbol as long as the modulation scheme does 



not use amplitude information and provides constant 
amplitude (for example, QPSK modulation). 
[0051] It is necessary to decrease the transmission 
rate to increase the spreading factor In the time domain, 

5 but since a lower limit in the transmission rate is gener- 
ally set in the system, a case is considered where the 
spreading factor in the time domain is not increased to 
a desired value. In this case, by increasing the number 
of subcarriers to use and increasing the spreading factor 

10 in the frequency domain by an amount corresponding 
to a shortage of the spreading factor in the time domain, 
it is possible to suppress the deterioration in the trans- 
mission perfomnance. 

[0052] Thus, according to the radio communication 
15 apparatus according to this embodiment, since spread- 
ing In the time domain is perfonned using spreading fac- 
tor L variable corresponding to propagation path condi- 
tions varying with each moment, it is possible to perfomn 
spreading In the time domain using an appropriate 
spreading factor corresponding to propagation path 
conditions. Further, when propagation path conditions 
deteriorate and the ICI level increases, the spreading 
factor Is increased in the time domain and it Is thus pos- 
sible to suppress deterioration iri orthogonality among 
subcarriers in the time domain. Furthemnore, according 
to this embodiment, it is possible to measure the ISI level 
used in setting a spreading factor in the time domain, 
with accuracy and with a relatively simplified method. 



[0053] A radio communication apparatus according to 
this embodiment Is the same as that in the second em- 
bodiment in increasing the spreading factor in the time 
domain as the ISI level increases, and differs from that 
in the second embodiment in measuring the ISI level us- 
ing a transmission off symbol. 
[0054] FIG.9 is a block diagram Illustrating a configu- 
ration of propagation path conditions measuring section 
308 provided in the radio communication apparatus on 
receiving side according to the third embodiment of the 
present invention. In addition, in FIG.9 the same struc- 
tural components as illustrated in FIG.6 are assigned 
the same reference numerals to omit specific descrip- 
tions. 

[0055] In FIG.9, transmission off symbol selecting 
section 514 selects a transmission off symbol to input 
to level measuring section 51 5. Level measuring section 
515 measures a received level of the transmission off 
symbol to input to subtracter 516. The received level of 
the transmission off symbol is a sum of ICI and ISI 
caused by deterioration in orthogonality among subcar- 
riers. Then, subtracter 51 6 subtracts the ICI level meas- 
ured in level measuring section 502 from the received 
level measured In level measuring section 515, and thus 
measures the ISI level. The measured ISI level is sub- 
jected to the predetermined radio processing in trans- 
mission RF section 309 illustrated FIG.4, and is notified 
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to the radio communication apparatus on transmitting 
side through duplexer 302 and antenna 301 . The oper- 
ation of the radio communication apparatus on transmit- 
ting side Is the same as in the second embodiment, and 
the descriptions are omitted. 
[0056] In addition, when a multicarrier signal includes 
a plurality of transmission off symbols, ISI levels are 
measured on respective transmission off symbols to av- 
erage, and thus the accuracy In ISI level measurement 
is further improved. 

[0057] In this way, the radio communication appara- 
tus according to this embodiment has the same effects 
as in the second embodiment. 

(Fourth embodiment) 

[0058] A radio communication apparatus according to 
either one of the fourth to sixth embodiments increases 
the spreading factor in the time domain as deterioration 
increases in orthogonality among spreading codes. 
More specifically, the apparatus increases the spread- 
ing factor as a maximum Doppler frequency increases. 
This embodiment explains a case where the maximum 
Doppler frequency is measured from a rate of level var- 
iation in pilot carrier. 

[0059] FIG. 1 0 is a block diagram illustrating a config- 
uration of propagation path conditions measuring sec- 
tion 308 provided in the radio communication apparatus 
on receiving side according to the fourth embodiment of 
the present Invention. In FIG. 10, pilot cannier selecting 
section 601 selects a pilot carrier to input to level varia- 
tion rate measuring section 602. 
[0060] Since a pilot cannier Indicates the constant en- 
velop even when an arbitrary delay path component is 
present, the variation in amplitude of constant envelop 
of the pilot carrier received in the radio communication 
apparatus on receiving side represents the time varia- 
tion due to fading. Then, level variation rate measuring 
section 602 measures the number of times (i.e., the rate 
of level variation in pilot canier) the amplitude of the con- 
stant envelop of the pilot carrier crosses a predeter- 
mined level per unit time, and thus measures maximum 
Doppler frequency f^j in fading. Measured maximum 
Doppler frequency f^ is subjected to the predetermined 
radio processing In transmission RF section 309 illus- 
trated FIG.4, and is notified to the radio communication 
apparatus on transmitting side through duplexer 302 
and antenna 301 . 

[0061] In the radio communication apparatus on 
transmitting side illustrated in FIG.3, maximum Doppler 
frequency f^ received through antenna 1 09 and duplex- 
er 1 08 Is subjected to the predetermined radio process- 
ing in reception RF section 110, and input to spreading 
factor detenninlng section 1 04. 
[0062] When a spreading code length in the time do- 
main is greatly longer than fd'\ the level variation in the 
spreading code length Is not ignored, and the orthogo- 
nality among spreading codes In the time domain dete- 



riorates. Therefore, as maximum Doppler frequency f^ 
Increases, spreading factor detemiining section 104 
sets spreading factor L of a spreading code to be gen- 
erated in second spreading code generating section 1 03 
5 to higher. In other words, spreading factor detemiining 
section 104 sets spreading factor L in the time domain 
to higher, as the deterioration Increases in orthogonality 
among spreading codes in the time domain, and thus 
suppresses the deterioration In orthogonality among 
spreading codes in the time domain. By thus increasing 
the spreading factor in the time domain, it is possible to 
suppress deterioration in the transmission perfomnance. 
Spreading factor L In the time domain detennlned in 
spreading factor detemnining section 104 is output to 
second spreading code generating section 1 03, while 
being notified to the radio communication apparatus on 
receiving side as the spreading factor infonnation. 
[0063] In addition, when a multicanrier signal Includes 
a plurality of pilot carriers, maximum Doppler frequency 
fjj is measured on each of the pilot carriers to average, 
thus further improving the accuracy in measuring max- 
imum Doppler frequency f ^ 

[0064] In this way, according to the radio communica- 
tion apparatus according to this embodiment, when 
propagation path conditions deteriorate and the maxi- 
mum Dopplerfrequency increases, the spreading factor 
is increased in the time domain and it is thus possible 
to suppress deterioration in orthogonality among 
spreading codes in the time domain. Further, according 
to this embodiment, it is possible to measure the maxi- 
mum Dopplerfrequency used in setting a spreading fac- 
tor, with accuracy and with a relatively simplified meth- 
od. 



[0065] A radio communication apparatus according to 
this embodiment is the same as that in the fourth em- 
bodiment in increasing the spreading factor in the time 

40 domain as the maximum Doppler frequency Increases, 
- and differs from that in the fourth embodiment, in obtain- 
ing the maximum Doppler frequency from a rate of level 
variation in subcarriers with the same frequency when 
symbols are modulated in a modulation scheme that 

45 does not use amplitude infonnation. 

[0066] FIG.1 1 is a block diagram Illustrating a config- 
uration of propagation path conditions measuring sec- 
tion 308 provided in the radio communication apparatus 
on receiving side according to the fifth embodiment of 

so the present invention. In FIG.1 1, subcarrier selecting 
section 603 selects a subcan^ier of specific frequency 
except a pilot carrier and non-transmission subcarrier to 
input to level variation rate measuring section 604. 
[0067] When symbols are modulated in a modulation 

55 scheme (for example, QPSK modulation) that does not 
use amplitude information and provides constant ampli- 
tude, the variation In symbol amplitude among subcar- 
riers with the same frequency represents the time vari- 
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ation due to fading. Then , level variation rate measuring 
section 604 measures the number of times (i.e., the rate 
of level variation in subcarriers with the same frequency) 
the symbol amplitude of the subcarrier with the specific 
frequency crosses a predetemnined level per unit time, s 
and thus measures maximum Doppler frequency fd in 
fading. Measured maximum Doppler frequency f^j is 
subjected to the predetermined radio processing in 
transmission RF section 309 illustrated FIG.4, and is no- 
tified to the radio communication apparatus on transmit- 
ting side through duplexer 302 and antenna 301 . The 
operation of the radio communication apparatus on 
transmitting side is the same as in the fourth embodi- 
ment, and the descriptions are omitted. 
[0068] In this way, the radio communication appara- 
tus according to this, embodiment has the same effects 
as in the fourth embodiment. 

(Sixth embodiment) 

[0069] A radio communication apparatus according to 
this embodiment is the same as that in the fourth em- 
bodiment in increasing the spreading factor in the time 
domain as the maximum Doppler frequency increases, 
and differs from that in the fourth embodiment, in obtain- 
ing the maximum Doppler frequency from a phase rota- 
tion rate of pilot symbol among subcarriers (herein, ad- 
jacent subcarriers) with the same frequency. 
[0070] FIG. 12 is a block diagram illustrating a config- 
uration of propagation path conditions measuring sec- 
tion 308 provided in the radio communication apparatus 
on receiving side according to the sixth embodiment of 
the present invention. In FIG. 12, pilot symbol selecting 
section 605 selects a subcarrier (herein, adjacent sub- 
carrier) into which a pilot symbol is inserted to input to 
phase rotation rate measuring section 606. 
[0071] It is possible to readily detect amplitude distor- 
tion and phase distortion added to a pilot symbol on a 
propagation path. Then, phase rotation rate measuring 
section 606 measures the time variation in phase dis- 
tortion of the pilot symbol (i.e., phase rotation rate of the 
pilot symbol among subcarriers with the same frequen- 
cy), and thus measures maximum Doppler frequency fj. 
Measured maximum Doppler frequency is subjected 
to the predetemnined radio processing in transmission 
RF section 309 illustrated FIG.4, and is notified to the 
radio communication apparatus on transmitting side 
through duplexer 302 and antenna 301 . The operation 
of the radio communication apparatus on transmitting 
side is the same as in the fourth embodiment, and the 
descriptions are omitted. 

[0072] In this way, the radio communication appara- 
tus according to this embodiment has the same" effects 
as in the fourth embodiment. 

(Seventh embodiment) 

[0073] A radio communication apparatus according to 
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either one of seventh to ninth embodiments increases 
the spreading factor in the frequency domain as deteri- 
oration increases in orthogonality among spreading 
codes. Specifically, in the seventh and eighth embodi- 
ments, the spreading factor in the frequency domain is 
made higher as the maximum delay time is longer on 
propagation paths. First, this embodiment explains a 
case of measuring the maximum delay time on propa- 
gation paths from impulse response of the propagation 
paths obtained by perfomiing inverse Fourier transfonn 
on a channel estimation value. 
[0074] FIG. 1 3 is a block diagram illustrating a config- 
uration of propagation path conditions measuring sec- 
tion 308 provided in a radio communication apparatus 
on receiving side according to the seventh embodiment 
of the present Invention. In FIG. 13, channel estimation 
section 701 obtains a channel estimation value using a 
pilot symbol. When Vehicular B propagation path is as- 
sumed herein, the channel estimation value obtained in 
channel estimation section 701 results from sampling 
on the transfer function shown in FIG.2 at intervals of 
subcarrier. Accordingly, IFFT section 702 perfomns IFFT 
processing on the channel estimation value, and thus 
obtains the impulse response of the propagation paths 
(FIG.14). 

[0075] The impulse response obtained in IFFT sec- 
tion 702 is input to maximum delay time measuring sec- 
tion 703. 

[0076] From the impulse response as shown in FIG. 
14, maximum delay time measuring section 703 meas- 
ures maximum delay time t max (in the example in FIG. 
1 4, T max=20 [\iS]) where paths with a predetermined 
level or more (herein, the predetemnined level is as- 
sumed to be -20[dB]) are distributed. Measured maxi- 
mum delay time t max on.the propagation paths Is sub- 
jected to the predetermined radio processing in trans- 
mission RF section 309 illustrated in FIG.4, and notified 
to the radio communication apparatus on transmitting 
side through duplexer 302 and antenna 301 . 
[0077] In the radio communication apparatus on 
transmitting side illustrated in FIG.3, maximum delay 
time T max received through antenna 109 and duplexer 
1 08 is subjected to the predetermined radio processing 
in reception RF section 110, and input to spreading fac- 
tor detemiining section 1 04. 

[0078] When a spreading code length in the frequen- 
cy domain is greatly longer than x max , the level var- 
iation In the spreading code length is not Ignored, and 
orthogonality among spreading codes in the frequency 
domain deteriorates. Therefore, as maximum delay time 
X max Increases, spreading factor detemiining section 
104 sets spreading factor M of a spreading code to be 
generated in first spreading code generating section 
102 to higher, in other words, spreading factor detemiin- 
ing section 104 sets spreading factor M in the frequency 
domain to higher, as the deterioration increases in or- 
thogonality among spreading codes in thefrequency do- 
main, and thus suppresses the deterioration in orthog- 
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onality among spreading codes in the frequency do- 
main. By thus Increasing the spreading factor in the fre- 
quency domain, it Is possible to suppress deterioration 
in the transmission perfonnance. Spreading factor M In 
the frequency domain determined in spreading factor 
detemiining section 1 04 is output to first spreading code 
generating section 1 02, while being notified to the radio 
communication apparatus on receiving side as the 
spreading factor infomiatlon. 

[0079] Thus, according to the radio communication 
^ apparatus according to this embodiment, when propa- 
gation path conditions deteriorate and the maximum de- 
lay time on the propagation paths increases, the spread- 
ing factor is increased In the frequency domain and it is 
thus possible to suppress deterioration In orthogonality 
among spreading codes In the frequency domain. Fur- 
ther, according to this embodiment, it is possible to 
measure the maximum delay time used in setting a 
spreading factor, with accuracy and with a relatively sim- 
plified method. 

(Eighth embodiment) 

[0080] A radio communication apparatus according to 
this embodiment Is the same as that in the seventh em- 
bodiment in Increasing the spreading factor In the fre- 
quency domain as the maximum delay time is longeron 
propagation paths, and differs from that in the seventh 
embodiment In measuring the maximum delay time on 
propagation paths from a minimum value of notch fre- 
quency interval of a channel estimation value. 
[0081] FIG. 15 is a block diagram illustrating a config- 
uration of propagation path conditions measuring sec- 
tion 308 provided in the radio communication apparatus 
on receiving side according to the eighth embodiment 
of the present invention. In addition, In FIG.15 the same 
structural components as in FIG. 13 are assigned the 
same reference numerals to omit specific descriptions 
thereof. 

[0082] As in the seventh embodiment, when Vehicular 
B propagation path Is assumed herein, the channel es- 
timation value obtained In channel estimation section 
701 results from sampling on the transfer function 
shown in FIG.2 at intervals of subcarrler. Then, notch 
frequency interval hneasuring section 705 detects a min- 
imum notch frequency interval of the channel estimation 
value, calculates the reciprocal ofthe detected minimum 
notch frequency interval and thereby measures maxi- 
mum delay time z max. Measured maximum delay time 
T max is subjected to the predetemriined radio process- 
ing In transmission RF section 309 Illustrated In FIG.4, 
and notified to the radio communication apparatus on 
'. transmitting side through duplexer 302 and antenna 
301 . The operation of the radio communication appara- 
tus on transmitting side is the same as in the seventh 
embodiment, and the descriptions are omitted. 
[0083] In this way, the radio communication appara- 
tus according to this embodiment has the same effects 



as in the seventh embodiment. 
(Ninth embodiment) 

5 [0084] A radio communication apparatus according to 
this embodiment Is the same as that In the seventh em- 
bodiment In Increasing the spreading factor in the fre- 
quency domain as deterioration Increases In orthogo- 
nality among spreading codes, and differs from that in 

10 the seventh embodiment in Increasing the spreading 
factor In the frequency domain, as gain dispersion of 
channel estimation values in the frequency domain in- 
creases. 

[0085] FIG.1 6 Is a block diagram Illustrating a config- 
15 uration of propagation path conditions measuring sec- 
tion 308 provided in the radio communication apparatus 
on receiving side according to the ninth embodiment of 
the present Invention. In addition. In FIG. 16 the same 
structural components as in FIG.1 3 are assigned the 
20 same reference numerals to omit specific descriptions 
thereof. 

[0086] As In the seventh embodiment, when Vehicular 
B propagation path Is assumed herein, the channel es- 
timation value obtained in channel estimation section 

25 701 results from sampling on the transfer function 
shown in FIG.2 at Intervals of subcamer. Then, disper- 
sion measuring section 706 measures gain dispersion 
of channel estimation values In the frequency domain. 
The measured gain dispersion value is subjected to the 

30 predetennlned radio processing in transmission RF sec- 
tion 309 illustrated In FIG.4, and notified to the radio 
communication apparatus on transmitting side through 
duplexer 302 and antenna 301 . 
[0087] In the radio communication apparatus on 

35 transmitting side Illustrated in FIG.3, the gain dispersion 
value received through antenna 109 and duplexer 108 
is subjected to the predetemnined radio processing in 
reception RF section 110, and Input to spreading factor 
detemiining section 1 04. . 

40 [0088] As the deterioration increases In orthogonality 
among spreading codes In the frequency domain, the 
gain dispersion of channel estimation values Increases 
in the frequency domain and transmission perfomnance 
deteriorates. Therefore, as the gain dispersion Increas- 

^ es, spreading factor detemiining section 104 sets 
spreading factor M of a spreading code to be generated 
in first spreading code generating section 1 02 to higher. 
In other words, spreading factor determining section 
104 sets spreading factor M in the frequency domain to 

50 higher, as the deterioration increases in orthogonality 
among spreading codes in the frequency domain, and 
thus suppresses the deterioration In orthogonality 
among spreading codes in the frequency domain. By 
thus increasing the spreading factor in the frequency do- 

55 ' main, It is possible to suppress deterioration in the trans- 
mission perfomnance. Spreading factor M In the fre- 
quency domain detennlned in spreading factor deter- 
mining section 1 04 is output to first spreading code gen- 



10 



19 



EP1 317 087A1 



20 



erating section 102, while being notified to the radio 
communication apparatus on receiving side as the 
spreading factor infomiation. 
[0089] Thus, according to the radio communication 
apparatus according to this embodiment, when propa- 
gation path conditions deteriorate and the gain disper- 
sion of channel estimation values Increases in the fre- 
quency domain, the spreading factor is Increased In the 
frequency domain and it is thus possible to suppress de- 
terioration in orthogonality among spreading codes in 
the frequency domain. Further, according to this embod- 
iment, it Is possible to measure the gain dispersion of 
channel estimation values In the frequency domain used 
in setting a spreading factor, with accuracy and with a 
relatively simplified method. 

[0090] In addition, the first to ninth embodiments are 
capable of being carried into practice in a combination 
thereof as appropriate. For example, In a combination 
of the first and second embodiments, it may be possible 
to vary spreading factors both in the frequency and time 
domains. 

[0091] Further, It may be possible that a radio com- 
munication apparatus on receiving side Is provided with 
the same section as spreading factor detemnining sec- 
tion 1 04 in the radio communication apparatus on trans- 
mitting, and determines a spreading factor, substituting 
for the radio communication apparatus on transmitting 
side, to notify to the radio communication apparatus on 
transmitting side. Determining a spreading factor In a 
radio communication apparatus on receiving side elim- 
inates the need of determination in the radio communi- 
cation apparatus on transmitting side, and thereby sim- 
plifies a configuration of the apparatus on transmitting 
side. 

[0092] The present Invention Is suitable for use In a 
base station apparatus and communication terminal ap- 
paratus used in a mobile communication system. 
[0093] As described above, according to the present 
invention, In radio communications based on the com- 
bination of a multicarrier modulation system and CDMA 
system, it Is possible to suppress deterioration in trans- 
mission perfomnance and decreases in system capacity 
due to deterioration in propagation path conditions. 
[0094] This application is based on the Japanese Pat- 
ent Application No.2001 -232825 filed on July 31 , 2001 . 
entire content of which is expressly incorporated by ref- 
erence herein. 



Claims 

1. A radio communication apparatus that perfonns 
communications based on a combination of a mul- 
ticarrier modulation system and a CDMA system, 
comprising: 

a spreading section that perfonns spreading on 
symbols both in the frequency domain and in 



the time domain; 

a generating section that assigns spread data 
on a chip basis to a respective one of subcar- 
riers to generate a multicanrier signal; and 
5 a transmitting section that transmits the gener- 

ated multicarrier signal, 

wherein the spreading section perfonns 
spreading in each of the frequency domain and the 
10 time domain with a spreading factor variable corre- 
sponding to propagation path conditions. 

2. The radio communication apparatus according to 
claim 1 , further comprising: 

15 

a determining section that detennlnes a 
spreading factor In at least one of the frequency 
domain and the time domain corresponding to 
propagation path conditions. 

20 

3. The radio communication apparatus according to 
claim 1 , wherein as deterioration Increases in or- 
thogonality among the subcamers, the spreading 
factor in the at least one of the frequency domain 

25 and the time domain is increased. 

4. The radio communication apparatus according to 
claim 1 , wherein as an inter carrier interference lev- 
el increases, the spreading factor in the frequency 

30 domain Is increased. 

5. The radio communication apparatus according to 
claim 1 , wherein as an inter symbol interference lev- 
el Increases, the spreading factor In the time do- 

35 main is Increased. 

6. The radio communication apparatus according to 
claim 1, wherein as deterioration Increases in or- 
thogonality among spreading codes, the spreading 

40 factor in the at least one of the frequency domain 
and the time domain is Increased. 

7. The radio communication apparatus according to 
claim 1 , wherein as a maximum delay time on prop- 

45 agatlon paths increases, the spreading factor in the 
frequency domain is increased. 

8. The radio communication apparatus according to 
claim 1, wherein as dispersion gain of channel es- 

50 timation values In the frequency domain Increases, 
the spreading factor in the frequency domain is In- 
creased. 

9. The radio communication apparatus according to 
55 claim 1 ..wherein as a maximum Doppler frequency 

Increases, the spreading factor In the time domain 
Is increased. 
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10. A radio communication apparatus that perfonns 
communications based on a combination of a mul- 
ticanier modulation system and a CDMA system, 
comprising: 

a receiving section that receives a muiticanier 
signal; and 

a measuring section that measures propaga- 
tion path conditions used In detennlnlng a 
spreading factor In at least one of the frequency 
domain and the time domain, from the received 
mutticarrier signal. 

"11. The radio communication apparatus according to 
claim 10, further comprising: 

a determining section that detennines a 
spreading factor in at least one of the frequency 
domain and the time domain corresponding to 
propagation path conditions. 

12. The radio communication apparatus according to 
claim 1 0, wherein the measuring section measures 
an inter carrier interference level from a received 
level of a subcan'ier of specific frequency to which 
no data on a chip basis Is always assigned in the 
time domain. 

13. The radio communication apparatus according to 
claim 1 0, wherein the measuring section subtracts 
the Inter carrier interference level from level varia- 
tion in a pilot symbol inserted to a subcarrier sub- 
jected to fading distortion compensation, and there- 
by measures an inter symbol interference level. 

14. The radio communication apparatus according to 
claim 10, wherein the measuring section subtracts 
the inter carrier interference level from a received 
level of a subcan-ier to which data on a chip basis 
is not assigned, and thereby measures an inter 
symbol Interference level. 

15. The radio communication apparatus according to 
claim 1 0, wherein the measuring section measures 
a maximum Doppler frequency from a rate of level 
variation in a pilot symbol. 

16. The radio communication apparatus according to 
claim 10, wherein when symbols are modulated in 
a modulation scheme that does not use amplitude 
information, the measuring section measures a 
maximum Doppler frequency from a rate of level 
variation In subcan-iers with the same frequency. 

17. The radio communication apparatus according to 
claim 10, wherein the measuring section measures 
a maximum Doppler frequency from a phase rota- 
tion rate of pilot symbol among subcaniers with the 



same frequency. 

18. The radio communication apparatus according to 
claim 1 0, the measuring section measures a maxi- 
5 mum delay time on propagation paths from impulse 
response of the propagation paths obtained by per- 
fomaing inverse Fourier transform on a channel es- 
timation value. 

10 19. The radio communication apparatus according to 
claim 1 0, the measuring section measures a maxi- 
mum delay time on propagation paths from a mini- 
mum value of notch frequency Interval of a channel 
estimation value. 

IS 

20. The radio communication apparatus according to 
claim 10, wherein the measuring section measures 
gain dispersion of channel estimation values in the 
frequency domain. 

20 

21 . A radio communication method for perfonning com- 
munications based on a combination of a multicar- 
rier modulation system and a CDMA system, com- 
prising: 

25 

a spreading step of perfonning spreading on 
symbols both in the frequency domain and in 
the time domain; 

a generating step of assigning spread data on 
30 a chip basis to a respective one of subcamers 

to generate a multicarrier signal; and 
a transmitting step of transmitting the generat- 
ed multicarrier signal, 

35 wherein in the spreading step, spreading is 

performed in each of the frequency domain and the 
time domain, using a spreading factor variable cor- 
responding to propagation path conditions. 

40 22. A radio communication apparatus method for per- 
fonning communications based on a combination of 
a multicarrier modulation system and a CDMA sys- 
tem, comprising: 

a receiving step of receiving a multican'ier sig- 
nal; and 

a measuring step of measuring propagation 
path conditions used in detemnining a spread- 
ing factor in at least one of the frequency do- 
main and the time domain, from the received 
muKlcanier signal. 
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